Abstract Background/Aims: Micro RNAs (miRNAs) play a very important role in myocardial ischemia/ reperfusion injury (MIRI), including in inflammation, apoptosis, and angiogenesis. Previous studies have demonstrated up-regulation of miR-327 in renal ischemia/reperfusion injury and MIRI. Via TargetScan, we found RP105 is a possible target gene of miR-327; our previous studies have also confirmed that RP105 acted as a cardioprotective protein in MIRI by reducing inflammation. However, the regulatory effect of miR-327 on RP105 has not previously been proposed. In our study, we aimed to identify the regulatory effect of miR-327 on RP105 protein in MIRI rats. Methods: Sixty male Sprague-Dawley rats were randomly divided into five groups, which were pre-treated with saline (sham and ischemia/reperfusion group), adenovirus-expressing miR-327-RNAi (Ad-miR-327-i group), control (Ad-NC group), or primiR-327 (Ad-miR-327 group) treatments. Three days later, the rat MIRI model was established by ischemia for 30 min, followed by reperfusion for 3 h. Myocardium and plasma were harvested and assessed. Results: miR-327 was increased by nearly 3-fold both in myocardium and plasma, which down-regulated RP105 in a 3′-untranslated region-dependent manner, and down-regulation of miR-327 via adenovirus transfection indirectly suppressed the TLR4/ TLR2-MyD88-NF-κB signaling axis activation via up-regulation of RP105, which subsequently resulted in reduced myocardial infarct size, attenuated cardiomyocyte destruction, and alleviated inflammation. In contrast, up-regulation of miR-327 induced the opposite effect. 
Introduction
Myocardial infarction, a coronary acute occlusion that results in a sudden lack of blood and oxygen supply to cardiomyocytes, is a major cause of morbidity and mortality in both developed and developing countries. Timely and effective reperfusion therapy, such as percutaneous coronary intervention, thrombolysis, and coronary artery bypass grafting, contributes to declines in disability and mortality. However, restoration of the blood flow can induce even worse microstructural destruction, termed myocardial ischemia/reperfusion injury (MIRI), which lessens the beneficial effect of reperfusion therapy [1] . Recently, a series of in vitro and in vivo studies have demonstrated that innate inflammation, apoptosis, autophagy, platelet activation, and oxidative stress contribute to MIRI [2] [3] [4] [5] [6] . However, there is no effective strategy for limiting or preventing MIRI, so a new molecular therapeutic target is necessary.
Innate inflammation plays a key role in MIRI. Recent studies show that ischemic cardiomyocytes can release pathogen-associated molecular patterns (PAMPs), which interact with pattern recognition receptors (PRRs) [7] . Among these PRRs, Toll-like receptors (TLRs) have been identified as important elements. So far, at least 10 TLRs have been identified in mammalian species and 5 of these (i.e., TLR1, TLR2, TLR4, TLR5, and TLR6) are located on the cell surface and are activated by diverse PAMPs. Among these TLRs, TLR4 and TLR2 are mostly expressed in myocardium [7, 8] . TLR4 and TLR2 are type I transmembrane proteins that have a leucine-rich repeat extracellular domain and an intracellular Toll-interleukin (IL)-1 receptor (TIR) domain, which interact with universal adaptor proteins termed myeloid differentiation factor 88 (MyD88), and a TIR domain containing adaptor inducing interferon (IFN)-β (TRIF). Once activated, the two main pathways, namely, the Myd88-dependent and TRIF-dependent signaling pathways, are initiated, leading to nuclear factor (NF)-κB and interferon regulatory factor-3 activation and eventually the production of pro-inflammatory factors, like IL-6, tumor necrosis factor (TNF)-α, and IFN-β [7, 9] . Radioprotective 105 kDa protein (RP105), termed CD180 in immunology and also a member of the TLRs family, possesses only 6-11 intracellular amino acids and lacks a TIR domain [10] . Studies have shown that two small glycoproteins called MD-2 and MD-1 are involved in TLR4 and RP105 activation, respectively, to form heterodimers (TLR4/MD-2 and RP105/MD-1), while TLR2 forms heterodimers with TLR1 or TLR6 [8, [10] [11] [12] . RP105 (-/-) B cells respond poorly to not only the TLR4 ligand lipopolysaccharide (LPS) but also TLR2 ligand lipoproteins, and RP105 knock-out mice were severely impaired in the production of antibodies against LPS or lipoproteins, indicating that RP105 is involved in inflammation in cooperation with TLR4 and TLR2 [12] . In macrophages and dendritic cells, RP105 has been recognized as a specific inhibitor of the TLR4 pathway, while the effect of RP105 in the TLR2 pathway remains controversial [13, 14] . In a rat model, RP105 is markedly reduced in ischemia/reperfusion (I/R) myocardium, and up-regulation of RP105 decreases infarct size and attenuates myocardial inflammation, apoptosis, and autophagy via the inhibition of the TLR4 pathway [3, 4] . Our unpublished data show that up-regulation of RP105 also results in suppression of the TLR2 pathway, in accordance with the TLR4 pathway. These findings indicate that RP105 attenuates MIRI by inhibiting the TLR4 and TLR2 pathways.
MicroRNAs (miRNAs) are approximately 20 to 22 nucleotides long and are capable of degrading target mRNAs by base pairing with the 3′-untranslated regions (3′-UTRs). Recent research has demonstrated that miRNAs play an essential role in MIRI [15] [16] [17] [18] [19] [20] . For example, miR-199a-5p, miR-15, and miR-92a aggravate MIRI, while miR-17-3p, miR-210, and miR-499 are cardioprotective miRNAs [15] [16] [17] [18] [19] [20] . Interestingly, miR-327 is also obviously increased in the myocardial microvascular endothelial cells of diabetic rat models as well as within Cellular Physiology and Biochemistry
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I/R heart tissues and renal I/R injury models [21] [22] [23] . A search using the public prediction algorithm TargetScan (http://www.targetscan.org/) shows that RP105 is a possible target gene of miR-327. Furthermore, we performed luciferase assays in 293T cells, confirming the down-regulation of RP105 by miR-327 in a 3′-UTR-dependent manner. Based on these results, we postulated that down-regulation of miR-327 could indirectly suppress the TLR4 and TLR2 signaling pathways by targeting RP105 to attenuate MIRI.
Materials and Methods

Animals
Sixty adult male Sprague-Dawley rats weighing 220-250 g (specific-pathogen-free grade) were purchased from the Animal Experiment Center of China Three Gorges University. All experimental procedures were conducted in conformity with National Institutes of Health (NIH) guidelines (NIH Pub. No. 85-23, revised 1996) and were approved by the Animal Care and Use Committee of China Three Gorges University. All efforts were made to minimize animal suffering.
MiR-327 target prediction and luciferase assays
The potential targets of miR-327 were identified using TargetScan. Luciferase assays were performed using 293T cells with the firefly luciferase report vector (0.1 μg), miRNA expression plasmid (0.4 μg), and the control vector containing Renilla luciferase (0.02 μg) in a 24-well plate, according to the protocol of the luciferase assay kit used (E2910, Promega, Fitchburg, WI). Forty-eight hours later, the luciferase activity was assayed with the Dual-Luciferase® Reporter Assay System (Promega) and was normalized to Renilla luciferase activity.
Experimental design
Rats were adaptively fed under suitable relative humidity, temperature, and light cycle conditions with free access to water and food for 1 week [6] . Then, the rats were randomly divided into five groups (n = 12), namely, the sham-operation with normal saline (NS) group (sham group), the myocardial I/R with NS group (I/R group), the myocardial I/R with Ad-miR-327-RNAi group (Ad-miR-327-i group), the myocardial I/R with Ad-NC group (Ad-NC group), and the myocardial I/R with Ad-miR-327 group (Ad-miR-327 group; Fig. 1 ).
Adenoviral vector construction and transfection
The adenoviral vectors were purchased from Genechem (Shanghai, China). The brief synthetic procedure begins with the miR-327 RNAi or pri-miR-327 oligonucleotides being designed and cloned into the AdMax adenovirus system (Microbix Biosystems, Mississauga, Canada) with the vectors GV201 or GV202 and hU6-MCS-CMV-EGFP. Recombinant adenoviruses were picked and propagated in HEK293 cells (American Type Culture Collection, Manassas, VA). The virus was then purified using an Adeno-XTM Virus Purification Kit (BD Biosciences; Clontech, Mountain View, CA), titrated to achieve 2E+10 PFU/mL, and stored at -70°C. Rats were anesthetized with sodium pentobarbital (40 mg/kg) by intra peritoneal injection and ventilated with a small animal ventilator (Model ZH-DW-3000A/B, Zhenhua Teaching Instrument Co., Ltd, Yuanyang, China; tidal volume, 20 mL/kg; respiratory rate, 85 times/min; inspiration/expiration, 2/1). The chests of the rats were opened through the fourth and fifth ribs to expose the heart and cut open the pericardium. Then, 150 μL (1.0 × 10 10 PFU/mL) of Ad-miR-327-RNAi, Ad-miR-327, Ad-NC, or NS were injected into the cardiac apex (at 4-6 spots) with a 30-gauge needle, and the chest was closed rapidly.
Assessment of adenovirus transfection efficiency
We assessed the efficiency of adenovirus transfection by immunofluorescence microscopy. Three days after the cardiac apex injection, but without ischemia, myocardial tissue was collected, fixed in 4.0% paraformaldehyde, embedded in paraffin, and then sectioned. Sections were dewaxed and washed three times in phosphate-buffered saline, and the cell nuclei were stained with 4′, 6′-diamidino-2-phenylindole (DAPI). Samples were then mounted with medium containing anti-fluorescence quenching agent. Finally, images were captured with a fluorescence microscope (BX51, Olympus America, Center Valley, PA) at 200× and 400× magnification.
Establishment of rat MIRI model
Three days later, rats were re-anesthetized and re-ventilated with a small animal ventilator, using procedures that have been described previously [6] . Briefly, the chest was reopened, and the origin of left anterior descending (LAD) artery was identified. Then a 6-0 silk suture was made around the LAD, and medical latex tubing (diameter, 2 mm; length, 5 mm) was placed between the LAD artery and the silk suture. MIRI was induced by ischemia for 30 min (tightening the suture), followed by reperfusion for 3 h (clipping the suture). The sham group underwent the same procedures, except for tightening of the ligature. MIRI models were defined as successful by observing a blanched appearance of the ischemic region, and an elevation of an electrocardiogram S-T segment. When reperfusion was finished, blood samples were obtained and rats were sacrificed so that the cardiac apex tissue could be harvested for further analyses.
Detection of myocardial enzymes
After 3 h of reperfusion, blood samples from the inferior vena cava, were immediately obtained without an anticoagulant tube, and then serum was separated by centrifugation at 3000 rpm for 10 min at 4°C. Creatine kinase-muscle/brain (CK-MB) and lactate dehydrogenase (LDH) were tested using an ADVIA2400 automatic biochemical analyzer (Siemens, Berlin, Germany) at Yichang Central People's Hospital.
Assessment of myocardial infarct size
The myocardial infarct size was evaluated by 2, 3,5-triphenyltetrazolium chloride (TTC; Sigma-Aldrich, St. Louis, MO) staining. The procedure has been described previously [24] . Briefly, after 3 h of reperfusion, the inferior vena cava was isolated. Then, 1 mL of 1.5% TTC phosphate-buffered saline was injected into inferior vena cava and then incubated for 15 min. Hearts were removed and washed with cold saline and stored at -80°C for 5 min. Samples were then sliced into five sections from the apex to the base and fixed in 4% paraformaldehyde overnight. The infarct area (white) and the normal area (red) could be distinguished and were measured using Image-Pro Plus 6.0 software (Media Cybernetic, Rockville, MD).
Histopathology
After 3 h of reperfusion, myocardial tissue was collected and fixed in 4.0% paraformaldehyde, embedded in paraffin, and sectioned into 4-μm slices. Samples were then stained with hematoxylin and eosin (H&E; hematoxylin: No. H9627, Sigma-Aldrich; eosin: No. 71014544, Sinopharm Group Co., Ltd, Shanghai, China) and examined under a light microscope (Olympus BX53, Olympus America) at 200× magnification.
Quantitative real-time PCR Total RNA was isolated from myocardial tissue and plasma with Trizol Reagent (Aidlab Biotechnologies., Ltd, Beijing, China) according to the manufacturer's instructions. The ratio of OD260 and OD280 was used to determine the concentration and purity of total RNA samples. Then, the RNA was reversed transcribed into cDNA using a reverse transcription kit (Takara, Beijing, China) following the manufacturer's instructions. Then, quantitative real-time PCR (qRT-PCR) was performed with a SYBR green/fluorescein qPCR Master Mix ). The primers used to amplify gene products were as follows (Table 1) .
Western blots
The proteins levels of RP105, TLR4, TLR2, MyD88, and NF-κB in myocardial tissue were measured using western blots [6] . Briefly, myocardial tissue was lysed in RIPA buffer (Beyotime Biotechnology, Jiangsu, China). The protein concentration was measured by a bicinchoninic acid protein assay (Beyotime Biotechnology) and then denatured by boiling. A total of 40 μg of protein was separated by electrophoresis in a sodium dodecyl sulfate-polyacrylamide gel and then transferred onto polyvinylidene fluoride membranes (Millipore, Billerica, MA). After being blocked with 5% non-fat dried milk for 2 h at room temperature, the membranes were incubated overnight at 4°C with each primary antibody (anti-RP105 [1:800, Boster Biological Technology Co., Ltd., Wuhan, China], anti-TLR2 [1:1000, EPIT, Shenzhen, China], anti-TLR4 [1:1000, Proteintech Group, Wuhan, China], anti-MyD88 [1:500, Proteintech Group], anti-NF-κB [1:1000, Affinity, Cincinnati, USA] or anti-GAPDH [1:1000, Goodhere Biotechnology Co., Ltd., Hangzhou, China]). After being washed five times, the blots were then incubated with peroxidase-conju gated secondary antibodies for 2 h at room temperature. Bands were scanned and analyzed by an electrochemiluminescence detection kit (Thermo Fisher Scientific, Waltham, MA), with GAPDH serving as a loading control.
Enzyme-linked immunosorbent assay
The levels of IL-6 and TNF-α in myocardial tissue were measured by an enzyme-linked immunosorbent assay (ELISA) using an IL-6 rat ELISA kit and TNF-α rat ELISA kit (Elabscience Biotechnology Co., Ltd., Wuhan, China) according to the manufacturer's instructions. Briefly, 100 μL samples were added to the wells and incubated at 37°C for 90 min. Liquid was then removed, and the plate was dried. Later, the Detection antibody solution (Elabscience Biotechnology Co., Ltd., Wuhan, China) was added and incubated at 37°C for 1 h. A horseradish peroxidase conjugate solution was added to the washed plate and incubated at 37°C for 30 min. Lastly, substrate and termination solutions were added to the wells to stop the reaction, and the color of the solution changed from blue to yellow immediately. The optical density of each well was immediately measured using an automatic microplate reader (Thermo Fisher Scientific) at 450 nm. Amounts of TNF-α and IL-6 were related to OD 450 .
Statistical analyses
All statistical analyses were conducted with SPSS 19.0 software (IBM Corp., Armonk, NY). Quantitative data were expressed as the mean ± standard deviation (SD). Statistical comparisons between two groups were performed using Student's t-tests, while those between three or more groups were performed using one-way analysis of variance, followed by the Student-Newman-Keuls Q test. For all statistical analyses, P < 0.05 was considered the threshold of statistical significance. 
Results
MiR-327 and RP105 changed inversely in MIRI rat models
The expression levels of miR-327 in myocardium and plasma were measured by qRT-PCR, as shown in Fig. 2A . The level of RP105 in myocardial tissue was measured by qRT-PCR and western blot (Fig. 2B) . After 3 h of reperfusion, the expression of miR-327 was significantly higher in the I/R group; conversely, the mRNA and protein levels of RP105 were significantly decreased in I/R myocardial tissue compared with the sham group. These data indicate that miR-327 and RP105 might interact with each other in MIRI rat models.
Adenovirus was successfully transfected into myocardium
To examine the effect of miR-327 on MIRI, we injected recombinant adenoviruses expressing either miR-327-RNAi or pri-miR-327 into the myocardium. Three days after transfection, the efficiency of adenovirus transfection into the myocardium was determined by qRT-PCR and fluorescent microscopy, as shown in Fig. 2C -E. The decreased and increased miR-327 expression levels were then validated ( Fig. 2C-D) and transfection of Ad-miR-327-RNAi reduced the expression of miR-327 in myocardium; conversely, Ad-miR-327 upregulated the expression of miR-327, while NS or Ad-NC had no effect on the expression of miR-327 in myocardial tissue, in accordance with the levels in plasma. Fluorescent microscopy showed high green fluorescence in myocardial tissue injected with recombinant adenoviruses, while little background color was observed in myocardium injected with NS ( Fig. 2E-F) . These results indicate that adenovirus was successfully transfected into myocardial tissue.
Recombinant adenovirus over-expression of miR-327 RNAi reduced MIRI in vivo
To evaluate the effect of miR-327 on MIRI, we infected myocardium with adenovirus vector containing miR-327-RNAi to depress miR-327and pre-miR-327 to overexpress miR-327. Three days later, adenovirus was successfully transfected, and then the I/R procedure was conducted. Afterwards, myocardial infarct size, myocardial histopathological changes, serum myocardial enzymes (CK-MB and LDH), and inflammatory factors (IL-6 and TNF-α) were examined.
Myocardial infarct size was evaluated by TTC staining (Fig. 3A) and calculated as (white area) / (white area + red area). Approximately 20% of examined tissues showed myocardial infarct areas in the I/R group, while no myocardial infarcts were observed in the sham group. Moreover, the percentage of infarct areas was reduced to 11% in the I/R myocardium transfected with Ad-miR-327-RNAi (Ad-miR-327-i vs. I/R group, P < 0.05), and myocardial infarct areas were up to 38% in I/R myocardium transfected with Ad-miR-327(Ad-miR-327 vs. I/R group, P < 0.05). However, treatment with Ad-NC or NS had no effect on infarct size (Ad-NC vs. I/R group, P > 0.05).
Histopathological changes were observed by H&E staining (observed at 200× magnification). As shown in Fig. 3A , the structure and morphology of myocardial tissues were completely maintained in the sham group; in the I/R group, myocardial fibers were damaged with neutrophil infiltration and erythrocytes, enlarged intercellular spaces, extensive edema, and myocyte necrosis. Pathological damage was markedly attenuated in I/R myocardium transfected with Ad-miR-327-RNAi, and damage was aggravated in I/R myocardial tissue transfected with Ad-miR-327. However, treatment with Ad-NC or NS had no effect on histopathological differences.
The levels of CK-MB (Fig. 3C) and LDH (Fig. 3D ) in serum were initially low in the sham group, and the I/R group had higher levels of CK-MB and LDH (I/R group vs. sham group, P < 0.05). Moreover, the elevation of serum CK-MB and LDH was significantly suppressed by injection of Ad-miR-327-RNAi (Ad-miR-327-i vs. I/R group, P < 0.05) and resulted in higher levels of CK-MB and LDH by injection of Ad-miR-327 (Ad-miR-327 vs. I/R group, P < 0.05). However, treatment with Ad-NC or NS had no effect on I/R-induced elevation of CK-MB and LDH in serum (Ad-NC vs. I/R group, P > 0.05).
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Cellular Physiology and Biochemistry Inflammatory factors TNF-α (Fig. 3E ) and IL-6 ( Fig. 3F) were significantly up-regulated in myocardium that had been subjected to I/R injury (I/R vs. sham group, P < 0.05). Moreover, the elevation of TNF-α and IL-6 was significantly suppressed by injection of Ad-miR-327-RNAi (Ad-miR-327-i vs. I/R group, P < 0.05) and increased by injection of Ad-miR-327(AdmiR-327 vs. I/R group, P < 0.05). However, treatment with Ad-NC or NS had no effect on I/R-induced elevation of IL-6 and TNF-α (Ad-NC vs. I/R group, P > 0.05).
MiR-327 down-regulated RP105 in a 3′-UTR-dependent manner
Via a bioinformatic search, we found RP105 was a potential target of miR-327 in a 3′-UTR-dependent manner. To test this, we performed luciferase assays, as shown in Fig.  4A . Compared with the group without the RP105 3′-UTR, the luciferase activity of the WT RP105 3′-UTR was significantly reduced by miR-327, indicating that miR-327 may target RP105 protein in a 3′-UTR-dependent manner. Furthermore, the mRNA level of RP105 was notably increased in I/R myocardium transfected with Ad-miR-327-RNAi (Ad-miR-327-i vs. I/R group, P < 0.05), while the levels were significantly decreased in I/R myocardial tissue transfected with Ad-miR-327 (Ad-miR-327 vs. I/R group, P < 0.05). To further confirm these results, we measured RP105 protein concentrations, which were similar to its mRNA levels. The titers of RP105 were decreased and increased, respectively, by Ad-miR-327 and Ad-miR-327-RNAi, and treatment with Ad-NC or NS had no effect on the levels of RP105 (Ad-NC vs. I/R group, P > 0.05; Fig. 4B,C) . These data indicate that miR-327 targets RP105 in a 3′-UTRdependent manner.
Down-regulation of miR-327 attenuated MIRI via suppression of the TLR4/TLR2-MyD88-NF-κB pathway
To validate the hypothesis that the TLR4/TLR2-MyD88-NF-κB pathway was suppressed to attenuate MIRI when miR-327 is down-regulated, we next examined the mRNA and protein concentrations of TLR4, TLR2, MyD88, and NF-κB. As shown in Fig. 5 , levels of TLR4, TLR2, MyD88, and NF-κB were significantly increased in the I/R group (I/R group vs. sham group, P < 0.05), while the levels of TLR4, TLR2, MyD88, and NF-κB were significantly decreased in the I/R myocardium transfected with Ad-miR-327-RNAi (Ad-miR-327-i vs. I/R group, P < 0.05); conversely, these expression levels were notably increased in the I/R myocardium transfected with Ad-miR-327 (Ad-miR-327 vs. I/R group, P < 0.05). However, transduction with Ad-NC or NS had no significant effect on the action of the TLR4/TLR2-MyD88-NF-κB pathway (Ad-NC vs. I/R group, P > 0.05), indicating that down-regulation of miR-327 could attenuate MIRI via suppression of the TLR4/TLR2-MyD88-NF-κB pathway. 
Discussion
In this study, we investigated the role of miR-327 in I/R-induced myocardial damage. First, we found that miR-327 was up-regulated and RP105 was down-regulated in I/R myocardial tissue compared with that of the sham group, with an inverse correlation between miR-327 and RP105, indicating that miR-327 and RP105 might interact with each other in I/R Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry myocardial tissue. Second, we determined the effects of miR-327 on I/R myocardial tissue by measuring the myocardial infarct size, myocardial histopathological changes, serum myocardial enzymes, and inflammatory factors in I/R myocardial tissue transfected with Ad-miR-327-RNAi, Ad-miR-327, Ad-NC, or NS. The results revealed that down-regulation of miR-327 rapidly reduced myocardial infarct size, attenuated cardiomyocyte destruction, and alleviated inflammation. By contrast, elevation of miR-327 showed the opposite effect. These observations suggested that down-regulation of miR-327 could alleviate MIRI. Finally, via a bioinformatics search and luciferase assays, we identified for the first time that RP105 is a direct target of miR-327. Furthermore, our studies showed that down-regulation of miR-327 could indirectly suppress the TLR4/TLR2-MyD88-NF-κB signaling axis. These results suggested that down regulation of miR-327 indirectly suppressed TLR4/TLR2-MyD88-NF-κB signaling axis activation in MIRI rat models via up-regulation of RP105, which subsequently reduced inflammation. Neutrophils, monocytes, and macrophages are widely recognized as having key roles in innate inflammation. Recent studies suggest that cardiomyocytes may act as immunocytes rather than target cells [7] . When cardiomyocytes were subjected to ischemia, a variety of PAMPs (heat-shock proteins, HMGB1, and reactive oxygen species) released and interacted with PRRs [7, 25] . Among these PRRs, TLRs have been recognized as key elements in myocardial acute inflammation, especially TLR4 and TLR2, which have two common downstream signaling pathways, MyD88-dependent and TRIF-dependent signaling pathways. In MyD88-dependent signaling, once TLR4/TLR2 signaling is stimulated, the TIR domain-containing adaptor protein (TIRAP/Mal) serves as a bridge connecting TLRs and MyD88; then, MyD88 interacts with a series of protein kinases, eventually allowing the released NF-κB to translocate into the nucleus and promote the production of inflammatory factors. Numerous studies have demonstrated that TLR4 plays a detrimental role in MIRI, while the effect of TLR2 still remains controversial [26] [27] [28] [29] [30] [31] [32] [33] [34] . In 2004, Oyama and colleagues reported for the first time that TLR4 served a pro-inflammatory role in rat MIRI models [25] . Subsequently, several investigations also confirmed that TLR4 signaling was significantly up-regulated in ischemic myocardium, and the inhibition of TLR4 signaling could decrease myocardial infarct size, suppress the inflammatory response, and alleviate cardiomyocyte apoptosis [27] [28] [29] [30] . However, the role of TLR2 in MIRI still remains uncertain. Some studies have shown that TLR2 activation may accelerate inflammation, fibrosis, and apoptosis [31, 32] , while Shishido and colleagues reported that myocardial infarct size and inflammation in infarct area had no difference between wild-type mice and TLR2 deficient mice [33] . Moreover, the MIRI rat model treated with TLR2 ligands (PGN or Pam3CSK4) even induced a cardioprotective effect [34] . In our study, we found TLR2 increased in accordance with TLR4, so we speculated that TLR2 plays a detrimental role in MIRI, similar to that of TLR4.
RP105 is a TLR family, cell-surface protein that lacks a TIR domain. In B cells, RP105 acted as co-stimulator of TLR4 and TLR2 [12, 35] . However, in macrophages and dendritic cells, RP105 acted as a physiological, endogenous inhibitor of TLR4 [13, 14] . However, there are no relevant studies that have confirmed the regulation of TLR2 by RP105. Recently, RP105 has been regarded as a cardioprotective TLR in MIRI via suppression of TLR4-related signaling. In our previous research, we found that the expression of RP105 declined dramatically in ischemic myocardial tissue, and over-expression of RP105 via adenovirus transfection reduced myocardial infarct size and attenuated myocardial inflammation, apoptosis, and autophagy by suppression of TLR4 signaling [3, 4, 36] . Additionally, Louwe and colleagues verified that RP105-deficient mice exhibited enhanced inflammation and more pronounced cardiac dilatation after myocardial infarction when compared with wild-type mice [37] . Our unpublished data showed that over-expression of RP105 via adenovirus transfection suppress the TLR2 pathway, in accordance with the TLR4 pathway. In the current study, we used RNA interference technology to indirectly elevate or reduce RP105 expression. Our data demonstrated that over-expression of RP105 could restrain TLR4 and TLR2 signaling at the same time.
Accumulating evidence indicates that miRNAs play key roles in MIRI, including inflammation, apoptosis, and angiogenesis [15] [16] [17] [18] [19] [20] . In 2009, Wang and colleagues reported that MiR-327 expression levels were up-regulated in type-2 diabetic rat models using a miRNA microarray [21] . Subsequently, studies have shown that miR-327 increased by 10-fold in rats with MIRI and nearly 3-fold in the kidneys of rats with renal I/R injury, respectively [22, 23] . Additionally, in injured sciatic nerves, miR-327 was increased and involved in peripheral nerve regeneration by targeting CCL2 in a 3′-UTR-dependent manner [38] . However, the molecular mechanism for miR-327 regulation on I/R injury remains unclear. In our rat MIRI models, miR-327 was increased by nearly 3-fold both in myocardium and plasma, consistent with previous research [21] [22] [23] 38] . To the best of our knowledge, this is the first report describing the molecular mechanism by which miR-327 regulates MIRI. We performed luciferase assays to confirm that RP105 was a target of miR-327 through directly binding to its 3′-UTR. In the present study, we used adenovirus transfection technology to down-regulate or up-regulate the expression of miR-327 in rat myocardial tissue subjected to I/R injury. Our data show that down-regulation of miR-327 in myocardium increased the expression of RP105, while reducing myocardial infarct size, attenuating cardiomyocyte destruction, and alleviating inflammation. In contrast, up-regulation of miR-327 exhibits the opposite effect. All these data indicated that miR-327 is involved in MIRI regulation via targeting RP105 in a 3′-UTR-dependent manner.
Furthermore, we found an interesting phenomenon, MiR-327 was significantly increased in I/R myocardium and plasma, with an even more obvious increase in plasma. However, it remains unclear where plasma miR-327 is derived from as well as why it is more abundant in plasma. We know exosomes are intriguing signaling intermediates with cargo rich in small RNA molecules, especially miRNAs. The composition of exosomes is not determined randomly, but rather uniquely regulated by cell sources and environmental stressors [39, 40] . Cardiosphere-derived cells (CDCs) secrete exosomes in a form of highly selective transfer of miRNA into CDC exosomes; that is, the levels of miR-181a, but not miR-181b, were higher in human CDCs, and CDCs exosomes were highly enriched for miR-181b, but not miR-181a [40] . Additionally, in remote ischemic preconditioning, miR-144, which is a cardioprotective miRNA, was transferred via exosomes [41] . Therefore, we speculate that, when I/R injury occurs, miR-327 is selectively transferred into exosomes, which may constitute the main source of plasma miR-327. Accordingly, it remains necessary to analyze the source of plasma miR-327 and determine if it can be used as an early marker for myocardial damage or a prognostic marker for post-MIRI.
However, there are some limitations in our study. First, the effect of TLR2 signaling in MIRI is controversial [31] [32] [33] [34] ; we mainly used adenovirus transfection technology to regulate the expression of miR-327, but did not suppress TLR4 or TLR2 signaling to exam the effect, respectively. Second, we confirmed the effect of miR-327 on myocardium subjected to I/R injury in vivo but did not verify the effect on hypoxia/reoxygenation cardiomyocytes; we intend to conduct these follow-up experiments in future research. Third, we just detected the effect on the TLR4/TLR2-MyD88-NF-κB pathway, and the regulation of TRIF-dependent signaling, apoptosis, and autophagy are still unclear. Fourth, we pre-treated rats with adenovirus to regulate gene expression before the I/R injury, which is not suitable for clinical patients, so there is still some work to be done.
Conclusion
In conclusion, this study demonstrates that the targeted down-regulation of miR-327 may alleviate I/R-induced myocardial damage by targeting RP105 to reduce inflammation in rat models. Thus, miR-327 may constitute a promising molecular therapeutic target for treating MIRI.
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